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Abstract. In this paper, a simpliﬁed methodological ap-
proach is used to assess damage indices related to landslide
phenomenathatoccurredinCalabria(Italy)betweenNovem-
ber 2008 and January 2009. This approach, which was de-
signed for and applied to single landslides, uses the Support
Analysis Framework (SAF), a procedure containing the ele-
ments that can be damaged by a landslide grouped in cate-
gories. In this paper, we test wide-ranging use of the SAF
on a number of landslides, assessing landslide damage on a
municipal scale to get a ﬁnal estimate of the amount of dam-
age caused by all of the landslides that occurred in a selected
municipality.
Data regarding the damage caused by landslides were
gathered from the press. Daily newspapers were systemat-
ically collected and elaborated to assess direct, indirect and
intangible damage caused during the abovementioned pe-
riod by a rainfall-triggered landsliding event. In the paper,
regional- and provincial-scale results are described, and the
methodological approach is brieﬂy described.
The application of the proposed methodological approach
to the 2009 landsliding event shows that the results can be
used to summarise landslide damage from a complex event
in order to better plan an intervention strategy at a regional,
provincial or municipal scale.
The availability of newspaper data during the event and
the speed of the proposed approach allow for rapid location
of the damaged sectors during the event, which will continu-
ously upgrade the regional damage framework. This can all
be done almost in “real time”.
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For regional agencies, this framework can be a starting
point to both manage the emergency and to acquire and inter-
pret data giving a more detailed damage distribution so that a
response can be organised. Moreover, based on the damage
assessment, a characterisation of the landsliding event can
also be carried out and used to describe the damage scenario
occurring after each type of event.
1 Introduction
Calabria (15230km2), the southernmost Italian peninsu-
lar region, is made up of allochthonous crystalline rocks
(Palaeozoic to Jurassic in age) that were stacked over car-
bonate units during the middle Miocene. Neogene ﬂysh ﬁlls
the tectonic depressions. The mean altitude of the region is
418ma.s.l. and the maximum elevation is 2266ma.s.l.
The region is divided into ﬁve provinces made up of 409
municipalities. Ninety percent of territory is in relief and
10% consists of coastal and ﬂuvial plains.
Weathering and degradation caused by tectonic stresses
and climatic conditions deteriorate the outcropping rocks,
widely predisposing slopes to instability (Gull` a et al., 2006;
Borrelli et al., 2007). The climate is Mediterranean, with
dry summers and wet winters; the mean annual rainfall is
1151mm. During the winter season, rainfall often reaches
high values on either a daily or a monthly basis.
Intense and/or prolonged rainfall can trigger landslides
and ﬂoods occurring simultaneously across wide areas, mak-
ing it difﬁcult to both manage emergency actions and to ﬁ-
nally recover from the damage. In previous works, these
rainfall/damaging events have been known as Damaging
Hydro-geological events (DHEs) (Petrucci and Polemio,
2008; Petrucci et al., 2008).
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2 2009-Landsliding Event (LE)
Between November 2008 and January 2009, intense and pro-
longed rainfall triggered one of the most severe DHE that
has occurred in Calabria in recent years (Gull` a et al., 2009).
Landslides and ﬂoods in 234 of Calabria’s municipalities
(57% of the total) caused severe damage all around the re-
gion. Two people were killed by a landslide while they were
driving on the regional highway. The national government
declared a state of emergency as the entire regional road net-
work was affected by widespread landslide damage and sev-
eral people were forced to temporarily leave the houses that
were threatened by landslides.
Deﬁning Landsliding Event (LE) the simultaneous activa-
tion of numerous landslides in a given time period, in this
paper, we analyse damage caused by the 2009 LE. Land-
slide data were obtained by systematically consulting 93 edi-
tions of the daily newspaper “La Gazzetta del Sud” (from
1 November 2008 to 1 February 2009). In order to assess
the landslide damage, the collected data were elaborated us-
ing a methodological approach proposed by Petrucci and
Gull` a (2009a, b).
3 Assessment of landslide damage indices
An analysis of historical data describing the damage caused
by mass movements in Calabria allowed the creation of the
Support Analysis Framework (SAF), a procedure that con-
verts damage descriptions into numerical indices expressing
damage (Petrucci and Gull` a, 2009, 2010). The SAF can be
used either to assess damage indices of mass movements that
have already occurred or the potential outcomes of dormant
phenomena re-activations. It is based on the effects on dam-
aged elements and it is independent of both physical and ge-
ometric phenomenon characteristics.
In the SAF, damage is divided into direct, indirect, and
intangible damage.
Direct damage includes all physical impacts on six types
of elements: buildings, roads, railways, productive activi-
ties, network services, and people. It can be assumed as the
product of two quantities: a) the relative value of each dam-
aged element (1, 0.75, 0.50 or 0.25), which is arbitrarily set
based on both the cost of the element and the restoration cost,
and b) the level of loss (complete loss: 1; high loss: 0.75;
medium loss: 0.5; low loss: 0.25).
Six sections of the SAF, which concern the abovemen-
tioned types of elements, assess a numerical value that is
normalised to the maximum possible damage that can be
obtained for the analysed section. The result is a series
of six damage indices (one for each section) quantitatively
expressing the damage to each type of damaged element.
Starting from a minimum level of severity, we have: D1=
low damage (0.25); D2=medium damage (0.5<D2≤0.25);
D3=high damage (0.75<D3≤0.5); and D4=very high dam-
age (1<D4≤0.75). D represents the damage that affected
a section (i.e. the section containing the different types of
buildings) due to a landslide.
Indirect damage is expressed by 13 actions aiming to re-
store pre-landslide conditions and re-establish public safety
conditions. For the ﬁrst group of actions, damage levels are
assigned according to an estimate of what amount of money
is necessary to perform the action (i.e., to construct retain-
ing walls or remove unstable rock blocks) divided in four
ranges (D1=less than 10000 C, D2=between 10000 C and
50000 C, D3=between 50 and 10000 C, and D4=more than
100000 C). For the second group of actions, damage lev-
els are set based on the number of people involved divided
into four ranges [i.e. arrangement of foodstuffs and basic ne-
cessities for displaced people could be set for: a) less than
10 people (D1), b) for a number of people between 10 and
30 (D2), c) between 30 and 60 (D3), or d) for more than 60
people (D4)].
Intangible damage takes into account psychological con-
sequences due to the landslide. Also in this case, damage
levels are set according to the number of people involved.
Finally, the Direct Damage Index is assessed by summing
the values obtained from all the direct damage sections of
the SAF; Indirect Damage Index is assessed by summing the
values obtained from the indirect damage sections, and In-
tangible Damage Index is the sum of the results of Intangible
Damage sections. Finally, a summarizing Total Damage In-
dex can be assessed by summing Direct, Indirect and Intan-
gible damage indices.
4 Data analysis and results
Data collected from newspapers concerning landslides trig-
gered in Calabria by the 2008–2009 rainfall seasons were
elaborated using the SAF, and the results were analysed at
both a provincial and regional scale.
Table 1 lists Calabria provinces (Cosenza, Catanzaro, Cro-
tone, Vibo Valentia and Reggio Calabria) from north to
south, their area and population density. For each province,
the number of municipalities damaged by the 2009 event is
shown (either as a number or as a percentage of the number
of municipalities of the province). Then, in order to sum-
marise the overall impact of landslides on each province,
we reported the total number of municipalities affected for
each province and divided them into four classes based on
the value of total landslide damage suffered (D1, D2, D3 and
D4).
In Fig. 1, for each province, a map of the damaged mu-
nicipalities is shown. In the ﬁrst histograms to the left of
each provincial map, the damaged municipalities have been
classiﬁed according to the type of damage (direct, indirect
and intangible), and in the second ones according to the type
of damaged elements. In both the histograms, N is the num-
berofmunicipalitiesdamagedbylandslidesduringtheevent,
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Table 1. Main characteristics of Calabria provinces (Area, Population, and Number of municipalities of the province). The impact of the
2009 landsliding event for each province is expressed by the number of municipalities damaged (either as the amount or percentage of the
municipalities of the province that were damaged) and the total number of municipalities affected, which were divided into four classes
according to the total cost of the landslide damage (D1, D2, D3 and D4). On the right, the map shows the Calabria region. Table. 1. 
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and the colours of the bars are set according to the damage
levels, as is shown in the legend.
By analysing the available data, we can highlight some
major points:
1. Direct damage affects a great number of municipalities
found in all the provinces, but a high percentage of these
municipalities only suffer slight damage (green bars in
the Damage type histograms).
2. Indirect damage is mainly tied to the costs of repair-
ing the roads, and secondly to lodging for temporarily
displaced people who were living in houses that were
threatened by the landslides.
3. The high values of intangible damage are probably re-
lated to the type of information source (newspapers). In
fact, reporters often emphasise the aspects concerning
intangible damage in order to catch the reader’s atten-
tion.
4. Cosenza and Reggio were the most widely damaged
provinces; Cosenza was the most severely hit.
5. In all of the provinces, the roads and buildings sustained
the most damage of all the elements.
6. The overall severity of the event is tied mainly to a wide
area of low damage rather than high damage concen-
trated on small sectors, as seen during similar previous
events in Calabria.
5 Conclusions
We used the SAF (Support Analysis Framework) to prelimi-
narily assess the landslide damage that occurred in Calabria
between November 2008 and January 2009, after a period of
intense and prolonged rainfall. In the present work, the ap-
proach used to assess damage caused by a single landslide
(Petrucci and Gull` a, 2009, 2010) is applied to several land-
slides occurred during a regional landsliding event.
Newspaper data were systematically elaborated to create
a framework of landslide damage at both a regional and
provincial scale.
This approach can be used to preliminarily assess dam-
age after events triggering several landslides over wide areas.
Theavailabilityofnewspaperdataduringtheeventallowsfor
rapid localisation of damaged sectors almost in “real time”.
For regional agencies, this framework can be a starting
point to both manage emergency phases and acquire data that
can be used to obtain a more detailed damage distribution,
upon which relief efforts can be based.
Finally, a damage assessment carried out using the pro-
posed approach could allow us to the characterisation of
landsliding events based upon its impact on the community.
One of the future targets of the research will be the com-
parative analysis of newspaper dataset and data coming from
ofﬁcial surveys, carried out by regional ofﬁces supported by
CNR-IRPI and University of Calabria researchers in order to
allocate funds for damage repairing: at present, only an in-
complete framework is available, and it mainly concerns the
cases in which the most severe damage occurred.
Newspaper data, used in this work, are non technical
data, but they are available during the event and can supply
a framework of the event: clearly this framework can be
considered as a preliminary investigation to be analysed in
depth by mean of ﬁeld surveys.
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Fig. 1. Impact of the 2009 landsliding event on the provinces of Calabria. For each province, the map shows the location of municipalities
damaged during the event. In the ﬁrst histograms on the left of each provincial map, the damaged municipalities were classiﬁed according
to the type of damage suffered (direct, indirect and intangible), and, in the second ones, according to the type of damaged elements. N is the
number of municipalities damaged by landslides during the event, and the colours of the bars are set according to the damage levels, as is
shown in the legend.
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